Mössbauer study of LaFeAsO and Fdoped superconductors in external magnetic fields S Kitao, Y Kobayashi, S Higashitaniguchi et al. 
Introduction
Mössbauer Spectroscopy at liquid helium temperature and high field conditions is indispensable for the characterization of paramagnetic iron sites in biomolecules and related chemical model complexes as well as nanometer-sized iron particles [1, 2] . Conventional cryostats for Mössbauer spectroscopy use considerable amounts of liquid helium. This is not only expensive if no recovery equipment is at hand but helium is also a limited natural resource on earth.
Instrumentation

Closed Cycle-Cryostat
A closed cycle-cryostat manufactured by Cryo Industries of America, Inc.
[3] coupled to a Mössbauer spectrometer from WissEL GmbH [4] has been installed at the University of Kaiserslautern and is in full operation since march 2007 ( figure 1 and 3 ). It provides a quick and easy way to reach low temperatures and high magnetic fields. The setup is equipped with a Cryomech, Inc. low vibrating two-stage pulse tube cooler and has a cool down time of 48 h. The sample can be top loaded at low temperatures without the need to shut off the refrigerator. The helium exchange gas in the variable temperature insert serves as an adjustable link to the refrigerator. Using static exchange gas the sample may be cooled down from room temperature to 50 K within several hours. Dynamic exchange gas with external supply of gaseous helium is used to cool the sample down to 2 K. Vibrations caused by the cooling devices can lead to severe line broadening in the Mössbauer spectra. Therefore the vibrations from the refrigerator are often isolated from the sample by a vibration isolation assembly connecting the sample holder with the cryostat. Because line width broadening could not be minimized to satisfaction (Γ ≈ 0.48 mm/s) with the construction shown in figure 1a it was removed (Figure 1b) . Now the Mössbauer drive ( Figure 1c ) and sample holder (Figure 1d ) are rigidly connected to the cryostat. The end of the sample holder was coupled to the bottom of the sample chamber by a copper spring (Figure 1e ). In this way a line width of the two inner α-Fe lines of 0.32 ± 0.04 mm/s has been currently achieved. A second generation sample holder is coupled to the wall of the sample chamber by a copper and a Teflon spring (figure 3). It offers place for three samples and allows the change of the sample by shifting its position without the need of opening the sample chamber. The new damping system did not lead to significant improvements of the line width (figure 2). 
Superconducting Coil
The magnet is thermally coupled directly to the 2nd stage of the Cryomech pulse tube cooler and has a temperature of ~3 K during normal operation. The current is supplied directly via a LakeShore Model 625 Superconducting Magnet Power Supply. No superconducting switch is fitted, because the power supply will discharge the magnet in the case of a power failure. The superconducting self-shielded split-coil (figure 4) generates a magnetic field of up to 5 Tesla and a stray field of ca. 60 mT at the outer cryostat walls. Mössbauer measurements can be performed in perpendicular or parallel field orientations. 
Conclusion
The Cryogen Free Superconducting Magnet/ Closed Cycle-Cryostat System is a versatile tool for Mössbauer spectroscopy. It is easy and safe to use. It allows not only a quick and uncomplicated sample change but also provides an easy way to adjust the sample temperature in a wide temperature range. The magnetic field can be applied in perpendicular or parallel orientation to the γ-beam and can be sweeped to 5 T in less than three hours. The system may be left unattended for several hours or even days if needed. Due to the closed cycle the helium consumption is decreased and even no helium is needed if temperatures below 50 K are not required. The line widths of the spectra may still be decreased by an improved vibration damping system. The development of the next generation damping systems is in progress.
